A case of Takotsubo cardiomyopathy showing two modes of initiation for ventricular fibrillation: Augmented J-wave and torsade de pointes with QT prolongation  by Shimizu, Masato et al.
A case of Takotsubo cardiomyopathy showing two modes
of initiation for ventricular ﬁbrillation: Augmented
J-wave and torsade de pointes with QT prolongation
Masato Shimizu, MD, PhD,* Mitsuhiro Nishizaki, MD, PhD,* Noriyoshi Yamawake, MD, PhD,*
Hiroyuki Fujii, MD,* Harumizu Sakudara, MD, PhD,† Masayasu Hiraoka, MD, PhD, FHRS‡
From the *Department of Cardiology, Yokohama Minami Kyosai Hospital, Yokohama, Japan, †Tokyo
Metropolitan Health and Medical Treatment Corporation Ohkubo Hospital, Tokyo, Japan, and ‡Tokyo
Medical and Dental, University, Tokyo, Japan.Introduction
The prognosis of Takotsubo cardiomyopathy (TTC) has
generally been considered favorable, but fatal cardiac events,
including ventricular tachycardia (VT) or ventricular ﬁbril-
lation (VF), are occasionally observed.1,2 Development of
VT/VF in patients with TTC appeared as an association with
QT prolongation.2 In long QT syndrome, a short-long-short
sequence often precedes the onset of torsade de pointes
(TdP). In cases with TTC, however, few reports have
demonstrated a short-long-short sequence preceding TdP.3
In our previous report, J-wave appearing in the hyperacute
phase of TTC was indicated as a risk factor for cardiac death
owing to VT/VF.4 A J-wave was associated with increased
cardiac mortality in various diseases, including idiopathic
ventricular ﬁbrillation,5 acute myocardial infarction,6
vasospastic angina,7 and Brugada syndrome.8 It has not yet
been demonstrated that augmented J-wave leads to actual
development of VT/VF in TTC. We present a case of TTC in
whom VF was initiated with augmented J-wave in lateral
leads and, in different occasions, VF was preceded by a
short-long-short sequence with prolonged QT interval.Case report
A 66-year-old woman was found in cardiopulmonary arrest
at her home. Her son recognized her event by the sound of
her falling down. He immediately called an ambulance and
started chest compression. She was transferred to the hospital
by the ambulance after 10 minutes. In the ambulance, VF
was detected, but the repeat applications of current shocks by
an automated external deﬁbrillator were unsuccessful in
resuming sinus rhythm. Upon arrival at our hospital 30
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still showed VF. She underwent a support with a venoarterial
extracorporeal membrane oxygenation system. Shortly after
the start of the support, VF was terminated by electrical
counter-shock, and emergency cardiac catheterization was
performed. Coronary angiography showed no signiﬁcant
occlusion in the major branches, and the left ventriculog-
raphy revealed akinesis of the apical segment and hyper-
kinesis of the basal wall (Figure 1). She was diagnosed as
TTC. She had had no emotional stress during the preceding
days of illness or past history, except for her complaint to her
son about feeling sick a few days before cardiac arrest. She
had no family history of sudden cardiac death or long QT
syndrome. Her ECG taken 2 years before the admission
showed no J-wave in the lateral leads (Figure 2A).
On admission to the coronary care unit, serum electrolytes
were within normal limits. A 12-lead ECG displayed a
notched type J-wave in lead V4–V6 and QT prolongation at
16 hours after admission, while no J-wave was seen on
admission (Figure 2B and C, left). Twenty-four hours after
her admission, the amplitudes of J-waves gradually aug-
mented, and then polymorphic VT suddenly started degen-
erating into VF (Figure 3A). VF was terminated by electrical
deﬁbrillation. No remarkable changes in blood examination
including serum electrolytes or acid-base balance were
observed immediately after the termination of VF. At 8
hours after occurrence of the ﬁrst VF in the hospital (32
hours after admission), QT interval was further prolonged
with sinus bradycardia and a short-long-short sequence with
premature atrial contraction inducing much-prolonged QT
interval (Figure 3B). TdP suddenly occurred without aug-
mentation of J-waves, which degenerated into VF. VF was
terminated by electrical deﬁbrillation. The events of TdP
degenerating into VF recurred 7 times in the following 8
hours, and each VF was terminated by electrical deﬁbrilla-
tion. Drugs, including beta blocker, magnesium sulfate,
and lidocaine, were without effect. The 12-lead ECGmonitor
showed gradual attenuation of prolonged QT interval,pen access article under the CC BY-NC-ND license
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KEY TEACHING POINTS
 Takotsubo cardiomyopathy (TTC) is generally
considered as a favorable prognosis, but sometimes
fatal cardiac events, including ventricular
tachycardia (VT) or ventricular ﬁbrillation (VF),
are observed.
 A 66-year-old woman presented cardiac arrest as
the ﬁrst manifestation of TTC. She developed 2
initiation modes of VF during the acute phase of
TTC, 1 from augmented J-wave during the
hyperacute phase and the other from a short-long-
short sequence with prolonged QT interval
leading to torsade de pointes (TdP)/ventricular
ﬁbrillation (VF) during the later phase.
 The ﬁrst clinical manifestation of cardiac arrest,
augmented J-wave followed by VF and QT
prolongation leading to TdP/VF, indicates high
risk and worse prognosis of TTC, which may reﬂect
severe myocardial damage and/or progressive
development of congestive heart failure.
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The ECG at 72 hours after admission did not exhibit any
J-wave in lead V4–V6 and showed almost normal QT
interval (Figure 2C, right).Figure 1 Left ventriculography (diastolic and systolic phases) exhibited akinesis of a
(LCA) and right coronary artery (RCA) showed no signiﬁcant stenotic lesion. LAO =As her clinical course became improved with hemody-
namic stability, a venoarterial extracorporeal membrane
oxygenation system was removed at the third day after
admission. Although her echocardiography, recorded on the
fourth day, revealed a recovery of contractility in the left
ventricular apical wall, she did not regain consciousness.
Brain computed tomography revealed massive edema and
the electroencephalogram showed almost ﬂat waves. She
died 28 days after her admission.Discussion
The present case showed 2 modes of VF initiation during the
acute phase of TTC; the ﬁrst VF in the hospital developed
with augmented J-wave in the lateral leads and later VF
repeatedly initiated from a short-long-short sequence, lead-
ing to TdP/VF with QT prolongation without the augmenta-
tion of J-wave. The initiation of VT/VF with augmented
J-waves has not been documented in patients with TTC,
whereas the initiation from prolonged QT interval and TdP is
not rare.2,3
The VF initiation in this case developed in 2 different time
spans in the hospital admission during the acute phase of
TTC. The augmented J-wave followed by VF appeared 24
hours after her admission to the coronary care unit, and at 30-
40 hours a short-long-short sequence under QT prolongation
was followed by the development of TdP, which degenerated
into VF. These sequences of VF development appeared to
involve different initiation mechanisms.pical wall and hyperkinesis of basal wall. Angiography of the left coronary artery
left anterior oblique; RAO caud = right anterior oblique and caudal angulation.
Figure 2 The time sequence of changes in electrocardiogram (ECG) records of leads V4–V6. (A) ECG recorded at 2 years before patient’s admission. No
J-wave is visible. (B) ECG recorded on admission to coronary care unit (CCU) without J-wave. (C) Left image shows ECG recorded after 16 hours of her
admission. Arrows show prominent J waves. The QT interval is prolonged. Right image presents ECG records after 72 hours of admission. Asterisks indicate
disappearance of J-waves. QT interval is nearly normalized. VF ¼ ventricular ﬁbrillation.
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increased J-wave amplitude has been explained by the
transmural voltage gradient during the early phase of action
potential repolarization in cells at the inferolateral wall of the
ventricle, which is similar to the genesis of ST-segment
elevation in the right precordial leads by the heterogeneity of
repolarization at the right ventricular outﬂow tract in
Brugada syndrome.8,9 Action potentials of epicardial cells
show a prominent notch during early repolarization because
of well-developed transient outward potassium current (Ito),
while endocardial action potentials lack this notch owing to
less developed Ito. With increased Ito and other potassium
current, or decreased sodium and calcium current, the notch
of epicardial action potential becomes larger and leads to
shortened action potentials in some regions, leading to
increased dispersion of repolarization among contiguous
cells. The condition provides an appearance of phase 2
reentry and development of polymorphic VT/VF. On theother hand, a long-short-long sequence and subsequent
development of TdP/VF have been observed in TTC with
prolonged QT intervals,2,3 which are typically seen in
congenital and acquired long QT syndrome.
The mechanism of myocardial damage in TTC was
proposed as 2 theories, myocardial ischemia and catechol-
amine toxicity.10 Myocardial ischemia owing to multivessel
spasm or microvascular impairment could cause stunning of
the apical portion of the left ventricle. It was demonstrated
that acute regional myocardial ischemia across the border
zone resulted in markedly heterogeneous loss of Ito-
mediated epicardial action potential dome, leading to phase
2 reentry capable of initiating VF.11 If the region of stunned
myocardium in TTC is caused by ischemia, the border zone
facing the hypercontracting area exhibiting the Ito-mediated
notch of epicardial action potentials followed by a prominent
dome could produce marked heterogeneity of repolarization.
The repolarization heterogeneity at the border zone may
Figure 3 Two modes of ventricular ﬁbrillation (VF) initiation. (A) Successive accentuation of J-wave amplitudes (arrows) followed by the initiation of VF.
(B) Short-long-short sequence by premature atrial contraction causing prolonged QT interval and the initiation of torsade de pointes that degenerated into VF.
Dashed line indicates a short beat-by-beat interval. Thick line indicates a long beat-by-beat interval.
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ity, leading to VF initiation. Myocardial ischemia in the
apical region could also produce an outward shift in
repolarizing currents owing to decreased Naþ and/or Caþ
current, and by activation of the ATP-sensitive Kþ current,
which might contribute to increased heterogeneity of repola-
rization. Catecholamine toxicity could induce Caþ overload
in myocardial cells, a condition that would be prone to
develop delayed afterdepolarizations as the mechanism of
arrhythmogeneity,12 but their role in the J-wave formation
was not clear.
The apical ballooning usually induces cardiac dysfunction
and heart failure. Heart failure was shown to cause depres-
sion of various potassium currents, including Ito, inward
rectiﬁer potassium current, and slowly activating delayed
outward potassium current (Iks).13–15 Depression of these
potassium currents could contribute to prolongation of the
action potential duration and resultant QT prolongation in
ECG, but J-wave might not be augmented because of
decreased Ito with development of heart failure. On the
other hand, depressed potassium currents can provide an
association of QT prolongation and a short-long-short
sequence leading to development of TdP.
The prognosis of TTC is generally considered favorable,
but sometimes unfavorable cardiac events including VT/VF
occur.1,2,10 The prognostic factors for TTC had not been
clariﬁed in detail, but the present case might give some clue
to consider the risk of VT/VF and factors to determine the
prognosis of TTC patients. The time course of changes in her
VF attacks might be a reﬂection of a cardiac condition in
TTC. The present case presented the ﬁrst sign of illness as
cardiac arrest owing to VF, which was quite unusual as the
initial presentation of TTC. Patients with TTC generally
manifest clinical signs of severe chest pain and ECG ﬁndings
similar to acute ST-elevation myocardial infarction.10 Herinitial disease manifestation of cardiac arrest might indicate
the severity of myocardial damage, and this might also
explain a possible reason why her ﬁrst VF event in the
ambulance was resistant to electrical deﬁbrillation, although
a possible involvement of excess catecholamine for develop-
ment of TTC was not excluded as a cause of unresponsive-
ness of VF to electrical deﬁbrillation. Thus, the initial
presentation of TTC as cardiac arrest could be regarded as
a sign of high risk and indicate poor prognosis. In our
previous study, J-wave and fragmented QRS in the hyper-
acute phase of TTC indicated the presence of severe
myocardial damage.4 Actually, this case developed VF with
the presence and augmentation of J-wave during the hyper-
acute phase of TTC. The appearance of J-wave during the
hyperacute phase could be interpreted as another sign of high
risk for VF and a determinant of poor prognosis. With further
progression of TTC in elapsed time, she further developed
QT prolongation and TdP, leading to VF preceded by a
short-long-short sequence provoked by premature atrial
contraction and bradycardia. The QT prolongation in TTC
represented a progression of heart failure as discussed above,
and it could also be regarded as a sign of high risk for VT/VF
and a determinant of prognosis. Therefore, the development
of the QT prolongation needs careful management of
depressed cardiac function and care must be taken to avoid
QT-prolonging drugs and electrolyte imbalance in patients
with TTC. Appearance of premature contractions and
bardycardia should be protected in the setting of QT
prolongation.Summary
A case of TTC developed 2 modes of initiation for VF with a
separate time course, 1 from augmented J-wave initiating
Heart Rhythm Case Reports, Vol 2, No 5, September 2016440VF and the other from a short-long-short sequence with
prolonged QT interval leading to TdP/VF.References
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